The coding activity of bovine hypothalamic poly A mRNA for neurophysin I and II immunoreactive proteins was characterized with respect to size and 5' cap. The mRNA was fractionated by methylmercurie hydroxide agarose gel electrophoresis and subsequently translated in vitro in rabbit reticulocyte lysates. Alternatively, mRNA was fractionated by gel exclusion HPLC and translated in wheat germ extracts. Immunoprecipitated translation products were analyzed by gel exclusion HPLC. Neurophysin-immunospecific protein of M.7,000 daltons, the size expected for the neuropeptide hormoneneurophysin precursors, was encoded by mRNA species of two size classes. The smaller class of mRNA's was of the size expected from the sire of the precursor proteins. The larger class was 5-10 times larger. The low K concentration optimum for translation of unfractionated mRNA encoding neurophysin I immunoreactive proteins and the inability of a cap analogue to inhibit this translation suggest that mRNA species encoding neurophysin Ilmmunoreactive translation products are incompletely capped. By contrast, the mRNA encoding neurophysin II-immunoreactlve products appear to contain a normal cap structure.
INTRODUCTION
Each of the two major mammalian neurophysins is synthesized in secretory neurons of the supraoptic and paraventricular nuclei of the hypothalamus as part of a precursor protein which also contains its associated peptide hormone, oxytocin or vasopressin. The precursor proteins are packaged in secretory granules and transported to the posterior pituitary. Within the granules, the precursors are proteolytically processed to produce neurophysin and peptide hormone. These remain as interacting non-covalent complexes in the granules until they are exocytotically released. Recent immunohi8tochemical and radioimmunoassay data also suggest the presence of the neurophysins and their peptide hormones in several other locations both in and external to the central nervous system (see ref. 1 
for review).
Poly A mRNA isolated from the bovine hypothalamus directs in vitro synthesis of proteins which are specifically recognized by antibodies directed against neurophysin I or II (2, 3) . That these proteins contain the peptide sequences of the corresponding neurophysin has been shown by peptide mapping (4) . Similarly, immunochemical and peptide mapping data have indicated the presence of peptide hormone sequences (5) . Molecular weights of [16] [17] [18] 000 daltons and 18-25,000 daltons, respectively, have been reported for antineurophysin I and anti-neurophysin II recognized translation products as determined by SDS-polyacrylamide gel electrophoresis (2, 3) . These size estimates correlate reasonably well with both those obtained for rat pulse-labelled pro-neurophysins identified in hypothalamo-neurohypophyseal tissue by gel electrophoresis (6) and that obtained for bovine pro-neurophysin II detected in pituitary extracts by radioimmunoassay of gel filtration chromatography fractions (7) . The molecular weight of pre-pro-neurophysin II has been determined to be 17,310 daltona from sequence data of a cloned cDNA copy of bovine neurophysin II mRNA (8) . The sequence of pre-pro-neurophysin I, excluding the signal peptide, also has been determined from cDNA sequence data (9) , reflecting a molecular weight of close to 14,000 daltons. There are, in addition, reports of proteins as large as 80,000 daltons exhibiting both neurophysin and hormone immunoreactivities which have been found in extracts of both hypothalamus and neurohypophysis (10, 11, 12) . These large precursor-like proteins suggest that there are possibly more than one neurophysin-hormone precursor pathway.
In order to investigate further the nature of neurophysin biosynthesis, especially given the reports of very large precursor-like molecules, we have characterized the poly A mRNA coding for neurophysin I and II immunoreactive translation products (ir-NPI and II) which is obtained from whole RNA extracts of bovine hypothalamus. He have found that more than one distinct mRNA species codes for each ir-NP and that one of these mRNA species in each case has a much larger apparent size than that expected from the size of the commonly isolated protein precursor. We also report evidence that there are differences in both the cap structures and secondary structures between the mRNA species coding for the two ir-NP's. Preliminary accounts of this work have been presented (13, 14) .
MATERIALS AND METHODS

Chemicals
Bovine hypothalamic tissue was obtained from Pel-Freeze (Rogers, Arkansas). E^. coli ribosomal RNA was purchased from Miles. Aprotinin, sodium iodoacetate, yeast transfer RNA, and L-cysteine were supplied by Sigma. Pan-sorbin was obtained from Calbiochem-Behring. Nuclease-treated wheat germ and rabbit reticulocyte in vitro translation systems, as well as phenol and guanidinium hydrochloride, were purchased from Bethesda Research Laboratories.
Sterile [ S]cysteine in 10 mM dithiothreitol was supplied by New England Nuclear. Oligo(dT)-cellulose, 7-methylguanosine 5'-monophosphate, and Sadenosyl homocysteine were obtained through P-L Biochemlcals. S-Adenosyl methionine and proteinase K were purchased from Boehringer-Mannheim. Methylmercuric hydroxide in aqueous solution was a product of Alpha Division, Danvers, MA.
RNA Isolation
Bovine hypothalamic poly A mRNA was isolated from frozen tissue as previously described (15) , with the following modifications. After the first ethanol precipitation, the total extract was precipitated from 8 M guanidinium hydrochloride, 20 mM EDTA with 0.55 volumes of 95 X ethanol, recovered by centrifugation, and washed twice in 3 M sodium acetate, 5 mM EDTA, pH 5.5 at -20°C for 1 hr. each. This step removed the majority of the DNA from the extract. The remaining RNA, 1 to 3 Bg per gram of tissue, then was chromatographed on Oligo dT cellulose as previously described (15) . The addition of the above step in the purification of the RNA resulted in a significant increase in the recovery of poly A mRNA over those previously reported (12) . All labelled materials of molecular weights greater than approximately 40,000 daltons were unresolved by this method and eluted as a peak beginning at the void volume. Consequently, a peak which included background label appeared at the void volume in every immunoprecipitated sample applied to the column.
In immunoprecipitates derived from translations of unfractionated bovine hypothalamic mRNA, this peak of excluded material contained significantly greater amounts of label, 70Z of which was shown to be specifically immunoprecipitated by competition assays with unlabelled neurophysin. Specific protein translation products of molecular weight greater than 20,000 daltons could not, however, be detected by sodium dodecyl sulfate polyacrylamide gel electrophoresis of similar samples. Another major contribution to the total immunoprecipitated label was that of carboxyraethylated [ S]cysteine which coeluted from the gel exclusion column with unlabelled cysteine. In general, the amount of unincorporated label remaining in TCA precipitated immunoprecipitates was directly proportional to the amount of protein obtained and accounted for 10-20Z of the total TCA precipitated label. Typically, 10-20Z of TCA precipitated, immunospecific label could be recovered from the gel exclusion HPLC analysis as protein in the range of ^17,000 daltons.
RESULTS
Size Characterization
A sample of 10 pg of bovine hypothalamic mRNA was fractionated on a 1.5Z agarose gel in the presence of 12.5 mM methylmercuric hydroxide (18) (18) . The lane containing hypothalamic mRNA was sliced into 5 mn sections which were ground into pieces using a glass pestle and incubated overnight in 0.5 H ammonium acetate, 10 mM EDTA at 4 C. Each mRNA fraction then was filtered, ethanol precipitated in the presence of 20 wg yeast tRNA, lyophilized from sterile water, and used to direct 30 yL translations in rabbit reticulocyte lysates at 186 mM K as described in Materials and Methods. The translation products from each were submitted to immunoprecipitation first by anti-neurophysin II then by anti-neurophysin I. Immunoprecipltates were reduced, alkylated, TCA precipitated, and redissolved as described in Materials and Methods. A portion (1/6) of each was counted (
) and the remainder (5/6) was chromatographed on a TSK 2000SW column. Peaks eluting at 17,000 daltons (between 10.0 and 12.0 ml, effluent) were integrated, corrected for a baseline count of 20 cpm per fraction, and plotted ( ) against the position in the gel from which the mRNA and hence the protein was derived. Standards run in parallel were 23S (3300 nucleotides) and 16S (1593 nucleotides) _E. coli rRNA and yeast tRNA (78 nucleotides). The lengths in nucleotides of mRNA species given in the text were calculated from the mid-point of the gel slice in which they occurred with the limits stated being those of the slice. protein is synthesized in vitro from two major size classes of mRNA. In the smaller class, two apparent mRIIA species of 770 + 150 nucleotides and 350 +_ 60 nucleotides code for ir-NPII, while a single species of 510 + 100 nucleotides codes for ir-NPI, as estimated from markers run in parallel on the gel. In the larger class, mRNA species of approximately 10,000 and 4,000 nucleotides coded for the VL7.000 dalton protein immunoprecipitated by anti-neurophysin I and II, respectively. Cross-recognition between the antibody raised against one neurophysin and the precursor protein of the other may explain several of the minor peaks in Figure 2 . Such crossrecognition has been previously demonstrated, especially between antineurophysin I and pre-pro-neurophysin II (4, 14) . In view of this crossrecognition, the data in Figure 2 for the closely migrating smaller mRNA species must be interpreted with caution (see Discussion).
Gel exclusion HPLC fractionation of a second preparation of bovine hy- (Fig. 4 legend) one ha^lf of each sample was translated at 86 mM K and the other half at 106 mM K . The former half was subsequently submitted to immunoprecipitation by antl--neurophysin I and the latter half by anti-neurophysin II. After reduction, alkylation, and TCA precipitation as described in Materials and Methods, the immunoprecipitates were counted. The counts per minute per yL translation were plotted against column fraction. The standards used to calibrate the column were 23S (3300 bases), 16S (1593 bases), and 5S (120 bases) E. coli rRNA and yeast tRNA (78 bases).
wheat germ extracts.
The low K optimum of ir-NPI production in cell-free translations, like that of several viral messages (20) , suggested that the mRNA coding for ir-NPI does not contain a 7-methylguanosine 5' diphospho-5' adenosyl cap. To test this hypothesis, translations in the wheat germ system were performed in the presence and absence of cap analogue 7-methylguanosine 5'-monophosphate (pm7G). As seen in Figure 4 , the production of ir-NPII is suppressed by pm7G in a manner that increases with K + concentration. The in vitro synthesis of ir-NPI, however, is only slightly inhibited by pm7G
at every K concentration studied. From competitive immunoprecipitation of translation products obtained at their K concentration optimum in the presence and absence of pm7G it appeared that ir-NPII synthesis was esaen- to determine from these experiments whether all or only some of the ir-NPI mRNA in our preparations was capped but unmethylated.
The Effect of mRNA Denaturation on Translation Efficiency
The low levels of ir-NPI and II coding activity in our mRNA preparations, 0.2-0.41 of total label incorporation, were similar to those reported by Payvar and Schimke for the cell-free translation of conalbumin mRNA (22) . The translation of ovalbumin and conalbumin in rabbit reticulocyte lysates could be stimulated by denaturing the mRNA prior to its translation.
Accordingly, the production of ir-NPI and II in rabbit reticulocyte lysate from hypothalamic mRNA denatured by heating to 100°C for 5 min or by treating with 12.5 mM methylmercuric hydroxide for 5 min was compared to that of undenatured mRNA. An enhancement of ir-NPII production from 0.23Z of total translation products to 1-3Z was observed by both denaturation methods.
Production of ir-NPI was uneffected. Thus, while the poor translation efficiency of ir-NPI mRNA may be due to its lack of a complete cap structure, that of ir-NPII appears to be related to its secondary structure. is high for a protein of 111+ amino acid residues. This estimate, however, agrees closely with that found by others using the SDS-polyacrylamide gel technique for molecular weight estimation (2,3). The consistently higher values measured for molecular weights of neurophysin precursors by gel electrophoresis (2, 3, 6) and gel filtration (this study) than those expected from cDNA sequence data (8, 9) emphasize the caution needed in evaluating experimental molecular weight estimates of these precursor proteins.
The 770+150 nucleotide size estimate for the mRNA coding for ir-NPII (Fig. 2 ) corresponds closely to that determined by cDNA sequence data (8) .
The protein translation product derived from this mRNA and recognized by anti-neurophysin II has a molecular weight of 17,000+2000 daltons as and neurohypophyseal tissue (10, 11, 12) . There is, however, no direct evidence at present to argue that the large mRNA species reported here are related to the large molecular weight proteins found in hypothalamic tissue.
The 21 Cap Structure
The mRNA that codes for ir-NPI behaves in the rabbit reticulocyte and wheat germ iri vitro translation systems in a manner that is characteristic of uncapped mRNA (19) . The low K concentration optimum and resistence to It also is not clear whether both the large and small ir-NPI mRNA species lack complete cap structures. It is difficult to rationalize the absence of a cap structure in a eucaryotic mRNA, where transcripts are normally capped before transcription is terminated and where exonuclease digestion at the 5' end is possible. Recently, the possible absence of a cap on rat 2 insulin mRNA has been reported (27) , suggesting that translatlonal control of some eucaryotic messages may be exerted at this level.
The mRNA's for ir-NPII behaved in vitro as a normally capped eucaryotic mRNA. The low translation efficiency of this mRNA proved sensitive to treatments that disrupt RNA secondary structure as would be likely for an RNA molecule containing 70Z G+C content and assuming the tight secondary structural conformation observed above. The effect of mRNA secondary structure on initiation of translation has been studied (28) and has been cited as a factor governing the different rates of translation of a and 8 globin mRNA (29) .
